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SPAN-LOAD DISTRIBUTION AS A FACTOR IN STABILITY IN ROLL

By MoxtgomMErY KEnieET and Ricearp W. NorvEs

SUMMARY

This report gives the results of pressure-distribution
tesis made to study the effects on lateral stability of
changing the span-load distribution on a rectangular
monoplane wing model of fairly thick section. Three
methods of changing fthe distribution were employed:
variation in profile along the span to e thin symmetrical
section at the tip, twist from -+6° lo —15° at the tip, and
sweepback from +20° to —20°. The tesls were con-
ducted at the Langley Memorial Aeronautical Laborafory
in the §-foot closed-throat atmospheric wind tunnel.

The rolling moment due to roll at a rate of rotation
equiralent to thai resulting from the mazimum rolling
disturbances encountered in normal flight is used as the
principal basis of comparison. Normal-force curves are
giren for the purpose of estimating the general effectireness
of each wing arrangement.

The investigation shows the following ouistending
results:

1. Change in prafile along the span from the N. A.
C. A. 84 at the root to the N. A. C. A~M2 ai the tip
constderably reduces lateral instability, but also reduces
the general effectireness of the wing.

2. Washout up to 11° progressively reduces mazrimum
lateral instability.

8. Transition from sweepforward to sweepback grad-
ually reduces the useful angle-of-attack range, but hag no
clearly defined effect on mazimum lateral instability.

INTRODUCTION

The problem of reducing the unstable rolling tend-
ency due to roll, characteristic of unyawed, stalled
flight, has been attacked in various ways. The earliest
methods consisted of attempts to improve lateral con-
trollability by increasing the rolling moments produced
by the ailerons. These methods enebled the pilot to
correct. for disturbances more effectively, but did not
remove the source of the danger, the rolling tendency
itself. Subsequent developments resulted in the use
of such devices as the Handley Page automatic slot
and the wing tip floating aileron, both of which have
been shown not only to reduce the unstable rolling tend-
ency due to roll but also to improve the controllability.

Another method for reducing lateral instability is
the modification of the shape of the conventional

wing. The nature of the modifications best suited
to this purpose may be determined from & considera-
tion of the factors controlling rolling moment due to
roll. Primarily, this moment depends upon the dis-
tribution of load along the span when the wing is
given an angular velocity in roll. This distribution
is dependent upon the variation of the chord along
the span, the angle of attack, and the slope of the
curve of normsl force for each section. Also, the
nearer a section is to the tip the greater is its import-
ance, because of its longer moment arm and the larger
difference in angle of attack between it and the mid-
span section when the wing is rolling. ith these
points in mind, the following ways may be noted
by which the relative variation in wing-section loads
with angle of attack may be influenced:

1. Change in profile along the span.

2. Twist.

3. Sweepback.

4. Taper in plan form.

The present investigation was undertaken for the
purpose of obtaining information concerning the ex-
tent to which lateral stability in roll, both above and
below the stall, could be affected by changing the
shape of a monoplane wing sccording to three of the
above methods: change in profile along the span,
twist, and sweepback. Tests were also made of com-
binations of change in profile along the span with
twist or sweepback to obtain informstion on the
possible variation in the characteristics due to the
Iatter variables with change in wing profile. All the
tests were made in the B5-foot, closed-throat atmos-
pheric wind tunnel of the Langley Memorial Aero-
nautical Laboratory. (Reference 1.)

The distribution of the loads normal to the chord
along the span is used as the basis of analysis. These
loads were obtained by using the pressure-distribu-
tion method of test.

MODELS AND APPARATUS

It has been standard practice in pressure-distribu-
tion investigations in the atmospheric wind tunnel to
make the assumption that there is no flow of air across
the plane of symmetry of an unyawed, full-span wing.
The further assumption follows that an actual surface
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FIGURE 1.~Qeneral view of test apparatus
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Fi6URE 2.—Wing model mounted on separation plane
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may be located in this plane without seriously affect-
ing the air flow over either half of the wing. This
mekes it possible to omit one-half of the wing and test
only a semispan model with a ‘‘separation’’ plane
mounted in its plane of symmetry, as shown in Figures
1 and 2 and deseribed in greater detail in reference 2.
The general design of the two semispan wing models
and the locations of the test orifices are shown in
Figure 3, and the profile ordinates in per cent of chord
are given in Tables I and II. One wing model, desig-
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instead of parallel to the span, and were held together
by the clamping action of two long holts instead of
heing rigidly glued together. This method of assembly
was necessary in order to allow the wings to be given a
maximum linear twist of either 15° washin or washout.
Figure 2 shows the N. A. C. A. 84 model washed out
15° about an axis coincident with the leading edge.

In order to set the twist the long bolts were loosened
and the laminations rotated through a small angle
relative to each other until the trailing edge and a line

100% = 30"
98.25%
90.89% {
779 ]
5953% !
3463% ;
Leading edge \ £
R
LT
i<
g 1O
Orifices< I
| ] 2
1
f'
&
E ™
|
R
<
G
“”“““l““u | ! i " ;
All faminations —_Jl— Section A Section B Section € Section D E
approx. 3//6"
bermederde i de p A ihe NN N Nﬂ\'kkkkk‘*’ﬂk
MESSIR IS I8 |RIRALS SIS SESLIL 1A
NEERER SR SRR B NERIN RSN RN
I ﬁ“\i - —] 77 b
| - 7057 1 s AT
£.3074 L.I 1307 ] R
6.75% 6.757 Rool! sectian
46031 | W6034 NACA. 84
28,3357 28,33 7% I :
—d2567— L —42 56 %—
57 447—— } 57 447
71677 | 71677
83.97%- H 43.97%
93257 93257
98.70% 98, 707
1007 = 10" 1007 = 0™
NA.CA. 84 NACA. 86

FIG6TRE 3.—Orifice locations on semispan twistable wing models

nated the N. A. C. A. 84, is of constant profile and
thickness from the root to_the tip pressure element.
The other, the N. A. C. A. 86, tapers in thickness
equally from the upper and lower surfaces from the

N. A. C. A. 84 profile at the root to the N. A. C. A~

M2 symmetrical profile at the tip pressure element.
Slightly beyond this section the plan forms of both
wings depart from rectangular to form a rounded tip
of such shape that any section normeal to the mean
camber line is a semicircle whose diameter is the wing
thickness at that section.

The construction of the two wing models differed
from conventional pressure-distribution design in that
the laminations were placed parallel to the chord

scribed on the leading edge of the model coineided with
their calculated projections marked on a twistjig.

Sweepback was obtained by Joosening the mounting
clamp, seen just under the separation plane in Figure
1, and rotating the entire wing about an exis in the
plane of symmetry and normeal to the midspan chord
at-its 50 per cent point.

A sheet-metal fairing was placed beneath the
separation plane and around the mounting clamp to
decrease the interference of the apparatus in the
tunnel with the air stream. A torque tube extending
out of the tunnel directly beneath the wing was con-
nected to the mounting clamp and served as a means
for changing the angle of attack. The brass pressure
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tubes passed through the center of this member and
were connected by short lengths of rubber tubing to an
integrating multiple manometer on the table. A spot-
light mounted on a bracket above the table furnished
the light to expose the photostatic records obtained on
the manometer.

Experience with pressure-distribution investiga-
tions in the past has demonstrated the need for reduc-
ing the labor involved in working up the test data.
Since the object of the present investigation was pri-
marily to study span-load distribution, 2 manometer
was used that automatically integrated the section
loads end thereby reduced the msenual integration
steps from six to ome. A more complete discussion
of the principle of operation and the design of this
instrument is given in reference 3.

TESTS

Preliminary tests were conducted on the manometer
as originally designed for use with mercury, but the re-
sults were unsatisfactory. Aleohol was substituted as
a manometer liquid and the air speed was reduced from
117 feet per second to about 32 feet per second. At
this speed the hydrauvlic heads encountered were
within the structural limits of the manometer and
satisfactory checks on repeat runs could be obteined.

A vertical dynsemic-pressure survey, as shown in
relation to the wing model in Figure 4, was made at
an air speed of about 32 feet per second for the purpose
of calibrating the Pitot-static tube which was used
during the tests to indicate the air speed. This
“gervice’ Pitot tube was located several feet upstream
and ahead of the honeycomb, where it was not in-
fluenced by the presence of the model.
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The first test with the wing twisted was made at 15°
washout. A check test was then made with the small
“steps,” caused by the laminations rotating past each
other, faired over with plasticine. A small difference
in the results was noted, and consequently all subse-

quent tests were made with the wing faired when
twisted.
The test program for each wing was divided into
three parts, as follows:
1. Straight wing (zero geometrie twist). _
2. Wing twisted with a uniform change in angle
along the span to an angle at the tip equal to:
(@) 5° washin.
(b} 5°, 10°, and 15° washout.
3. Sweepforward, 10° and 20°; sweepback, 10°
and 20°,
Each wing condition was tested at angles of attack
from —9° to +30° at 3-degree intervals, conventional
pressure~distribution test procedure being employed.
The dynamic pressure was mainteined constant at
1.23 pounds per square foot, corresponding to an air
speed of 32.3 feet per second in standard air and a
Reynolds Number of about 160,000.

RESULTS

The results of this investigation are presented
graphically in Figures 5 to 20; critical values of the
rolling moment and normal-force coefficients are also
given in Table JII. Complete section and totsl wing
normal-force data are given in Tables IV to XXIT.

The coefficient of rolling moment due to roll ()
about the wind axis, is plotted against absolute angle
of attack in Figures 5, and 8 to 15.
ing moments as given are not about the probable axis
of rotation of an airplane in flight, the wind axis was
chosen for convenience in the comparison of the com-
puted moments with autorotation test moments, which
are always taken sbout the wind axis. This method

i of presentation allows all wing settings to be compared

on & bssis of equal angular displacement from zero lift,
and all numerical values of (,, with corresponding &u-
torotation results. The use of the wind axis instead
of the body axis, which is nearer to the true axis of
roll, does not affect the relative value of the results
appreciably.

The computation of C} is based on the strip theory
(reference 4), assuming a rate of rotation such that

b _ s
5T 0.05

In this expression
p=rate of rotation in roll (radiens per second},
b=sgpan of the wing (feet),
7= air speed (feet per second).
The numerical value 0.05 corresponds to the maximum
rolling velocity found to be encountered in ordinary
flight in bumpy air. The numericel value of C, is
obtained from the equation

Cie= T;S—COS o4

Although the roll-
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where
A =total rolling moment due to the unsymmetrical
distribution of forces normal to the chord,
a==angle of attack of wing root,
g=dynamic pressure,
and S=area of the wing.
Positive values of C, indicate a moment tending to aid
the assumed rotation and negative values indicate—=a
moment opposing it. Where C,=0, it is obvious that
neutral equilibrium exists. _

Curves of the asymmetric normal load along the
span used in the computation of €} were derived from
section normal-force curves such as are given in Fig-
ures 6 and 7. The values of Oy’ shown here and those
for the other wing settings presented in the tables were
computed by multiplying the results obtained on the
integrating manometer by a constant depending upon
the manometer design.

The normal-force coefficient of the whole wing Oy, as
shown in Figures 16 to 20, was obtained by plotting
Cy' against span and graphically integrating for total

normal force. Reduction of these integrals to nondi- :

mensional form gave the coefficient

N
0N=Q—S

where N =total normal force,

It should be borne in mind, in applying these results
to a full-scale wing, that the Reynolds Number of the
tests was 160,000 and no corrections have been made
to compensate for the lack of free-air conditions in the
tunnel. In both respects, however, the results are
directly comparable to those of numerous other inves-
tigations in this wind tunnel. _

Attention is also drawn to the conclusion arrived at
in reference b relative to the shape in front elevation
of the extreme wing-tip fairing. This indicates that
the stebility of & wing with such a faired tip is likely
to be less and its instability greater than one with a
purely rectangular tip. However, since the models
used in this investigation had geometrically similar
tips, the difference between them due to this effect
is considered unimportant.

The accuracy of the results, as plotted, may be
considered to be within + 5 per cent as explained in
detail in the following paragraphs. The occasional
points at negative lift that were omitted on the curves
were seriously in error, owing to the failure of the ma-
nometer always to function properly under this type of
loading. Test conditions were maintained to the
following accuracies: mean dynamic pressure, £ 1 per
cent; and the setting of the angles of attack, twist, and
sweepback, =+ 5 minutes.

The rolling-moment coefficient C,, as calculated on
the strip method basis from semispan pressure-dis-

. velocity in roll,
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tribution tests, is useful for the purpose of comparing
wings tested under similar conditions. However,
the absolute values of the coefficient will differ from
those that would be obtained from full-span wings or
tests in which the wing would be given a smell angular
Comparative tests indicating the
amount of this difference at the very low rate of roll
used are lacking. However, since the acecuracy of the
strip method increases as the rateofrotation approaches
zero, the inherent error in the results due to the method
of caleulation is considered to have an unimportant
influence. The error due to the semispan method of
test is considered negligible considering the large dis-
tance from the separation plane to the first row of
pressure orifices.

The numerical error of most importance in the com-
putation of C\ is probably to be found in the fairing
of the section curves of normsl] force against angle of
attack and the accuracy of determination of the points
through which they are drawn. The error due to the
former is not directly estimable, but is believed to be
small. The average deviation of the latter throughout
two check runs amounted to about 3% per cent of the
mean observed value. As will be seen from Figures
6 and 7, small vertical errors in the plotted points
would not greatly change the slopes of the curves in
most cases. As the determination of the asymmeirie
normal forces and the integration of the resulting
rolling-force curves were each accurate to within 1 per
cent, an average deviation of not more than +5 per
cent could be expected in the plotted values of Ci.

. The greatest source of error believed to enter into
the normal-force results is in fairing the semispan load
curves from the pressure olement nearest the root to
theraot. This error depends upon the judgment of the
individual doing the fairing and upon the accuracy of
the last measured point. Check runs showed that the
variation of this point was less than 2 per cent of its
mean value. Consequently the areas of the measured
semispan load eurves probably do not deviate from

the actual load curves more than + 5 per cent, and the

coefficient of normal force may be considered accurate
to that extent.

DISCUSSION

From the viewpoint of lateral stability it is important
to consider the tendency of & wing system {o increase
or damp a small rotation in roll when the moment
causing the rotation ceases. The coefficient of rolling
moment due to roll O, taken at a rate of rotation
equivalent to the maximum usually encountered by

an airplane flying in bumpy weather (g %=0.05), pro-

vides a convenient measure of this tendency. Figures
5 and 8 to 15 give curves of O, under the above con-
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ditions and may, therefore, be considered as indicating
the degree of initial lateral stability or instability of
each wing arrangement in normal, unyawed flight.

In studying these curves, it should be borne in mind
that varying the profile along the span from a cam-
bered to a symmetrical section is, in effect, & method
of producing an ‘“‘equivalent twist.” In the case of
the N. A. C. A. 86 airfoil as compared to the N. A.
C. A. 84, this “equivalent twist” is approximately
equal to 7° washout, or the difference in angle of zero
[ift of the root and tip sections.

Figure 5 shows the effect on rolling moment due
to roll of such a change in profile along the span.
The most striking effect is the reduction in the magni-
tude of maximum instability, which for the N. A. C. A.
86 wing model is about one-sixth of that for the N. A.
C.A.84. An explanation of this phenomenon may be
obtained by reference to Figures 6 and 7, where a
marked difference in the shapes of the section normal-

foree curves for the two wings is seen. In the vieinity -

of 28° (30° absolute angle of attack) where lateral
instability is the greatest for the N. A. C. A. 84 wing,
the slopes of all its section curves are distinetly nege-
tive. On the other hand, the section surves for the
N. A. C. A. 86 at about 15° (18%° absolute angle of
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attack) have a slope which is negative for about half
of the semispan, then zero, and finally strongly positive
at the tip. The greater influence on lateral stability
of the tip sections, whose stalling angles on this wing
are considerably delayed, would account for the very
greaf improvement in stability over the N. A. C. A. 84
wing.

However, the N. A. C. A. 86 has the disadvantage
that lateral instability first appears at a lower absolute
angle of attack by 10° than that at which it appears

on the N. A. C. A. 84 wing. This condition may be
considered mainly & function of the characteristics
of the intermediate profiles, because twist on the
N. A. C. A. 84 equal to the equivalent twist of the
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N. A. C. A. 86 straight wing (as interpolated from
Figure 8) reduces the angle of attack of neutral
stability only about 2°.

Geometric twist has the effects shown in Figures 8
and 9. It is seen that the good lateral stability
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characteristics of the N. A. C. A. 86 wing are im-
proved by a small amount of washout and are not
materially impaired by additional washout up to 10°.
In Figure 10 maximum lateral instability is plotted
against equivalent twist for both wings. This shows
that-an equivalent twist in the order of 11° washout is
apparently the maximum desirable for both wings
from the standpoint of lateral instability due to roll.
The similarity of the two curves for like amounts of
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twist is fair, both showing a reduction due to twist of

at least 70 per cent in maximum unstable rolling

moment. .

The absolute angle of attack of initial neutral
stability and of maximum normal force plotted against
equivalent twist is shown in Figure 11. The varia-
tion is small for each wing and within the range of the
tests the N. A. C. A. 84 always shows instability
beginning at a higher absolute angle of attack than
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‘maximum normal force and the beginning of lateral
instability is very small for both wings and may be
considered practically coincident if less than a degree.
The unusually large difference occurring at zero twist
of the N. A. C. A. 84 is probably due to the very
rounded top to the normal foree curve of this wing,
as compared to its twisted variations. (Fig. 17.)
The influence of sweepback on the lateral stability
of the two wing models is shown in Figures 12 tu 15.
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Sweepforward is seen to raise the angle of attack of neu-
tral stability and sweepback to lower it, relative to the
angle for the straight wing. This cffect seems to be
due to the fact that the tips, which affect lateral stability
more 'than any other part of the wing, act in a manner
analogous to the leading edge of an airfoil when swept
forward and the trailing edge when swept back. Thus,
in the former case, the slopes of the normal-foree curves
for the tip sections are increased and their maxima

the N. A. C. A. 86. The angular difference between

| delayed, both of which tend to maintain lateral
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stability to a higher angle of attack. When the wing
is swept back the slopes are decreased and their maxi-
mum points occur at lower angles, which has the op-
posite effect upon the angle of neutral lateral stability.

On the other hand, Figure 15 also shows that the
influence of the above condition on the angle of maxi-
mum norme] force is to raise the angle slightly for
both sweepforward and sweepback. This condition
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produces, at 20° sweepback, & definite tendency towards
lateral instability before the stall.

Little similarity in the maximum instability charac-
teristics of the two wings can be observed, which
indicates that the effect of sweepback is appreciably
influenced by the obviously very different thickness
of the extreme tips of the two wings.

For more convenient numerical comparison, the
critical values of the foregoing curves (as shown in
figs. 10, 11, 14, and 15) and the maximum normel-
force coefficient for each wing arrangement are tabu-
lated below.

Curves of total normal-force coefficient (v against

angle of attack are given in Figures 16 to 20 for the
purpose of showing the effect of the variables used to
change the span-load distribution upon the general
effectiveness of the wings tested. It is realized that
the absence of data on the changes in drag accompany-
ing the changes in normal-force distribution makes a
complete comparison impossible. However, the close
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approximation of normal force to the lifting force justi-
fies the use of Oy for this purpose.

The effect of change in profile is shown in Figure 16.
Maximum Cy is reduced 12 per cent and the abruptness
of the stall is considerably increased. The angle of
attack of zero lift is increased by the amount that might
be expected from the equivalent washout of the tip
of the N. A. C. A. 86 wing. As mentioned before, the
angle of attack of neutral lateral stability (approxi-
mately maximum () is decreased, which results in a
decrease of over 8° in the available flying range. Thus,
though the straight N. A. C. A. 86 wing shows a
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marked reduction in latersl instability (fig. 5), it is
distinetly inferior to the N. A. C. A. 84 in other
respects.
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FIGURE 16.—Total normal force versns angle of attack. REffect of change In profile
from N. A. O. A. 84 at root to N. A. 0. A~M2at tip
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TABLE III

MAXIMUM LOADS AND MOMENTS AND CRITICAL
ANGLES OF ATTACK

eq.=angle of attack above zero lift.
= washin.
—Twist=washout.
+S9weepback =8weepback
—Bweepbaoknsw eoplorward.
Wing characteristics
Méx Lga.x. o ta.‘tJ s ;t
Geomet- | Sweep- b - (Max.}
Profile rotwist | beck
Degrees | Degrees . De, rm. Degrees
N, A C A 8. 1] 0 0. 0323 1, 490 27.0 240
+5 0 . 0279 L 3&1) 28. 5 25.0
-5 o] . 0202 L 25.8 250
—10 1] . Q102 1. 420 M7 23.7
—-15 a . D120 1.418 4.8 2.5
0 —~20 . 0220 1. 486 2.0 7.0
=10 . (1340 1,485 7.1 25.5
0 10 . 0246 1, 380 2.2 |- 240
0 20 0199 1.380 8.5 |- b
N.A.C.A.8. 0 o .02 | 1188 1o | 145
+5 0 0062 1110 184 6.5
—b 0 - 013 L 140 18.4 17.0
—=10 0 -. 0062 1159 182 17.8
—16 0 . 0078 1,153 18.4 18.0
0 —-20 | L0071 L171 2.7 17.0
-10 . 0038 1,185 23.8 17.0
0 10 .53 L1078 159 14.5
0 20 . 0128 1031 15. 6 17.5

Twist, as 'shown in Figures 17 and 18, makes very
little change in the value of Cy maximum of either
wing. In the case of the N. A. C. A, 84, washout in-
creases the abruptness of the stall, whereas the
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N. A. C. A. 86 shows a decrease for washin and no
change for washout. Zero lift for both wings in nearly
all cases is shifted slightly less than might be expected.

The effect of sweep is shown in Figures 19 and 20.
Sweepforward has no effect on the magpitude of Cy
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maximum of either wing. Sweepback, on the other
hend, gives a uniform reduction in Cy maximum of
7% per cent for the N. A. C. A. 84, and & progressive
decrease in Cy maximum for the N. A. C. A. 86 amount-
ing to 12 per cent at 20°. The angle of attack of zero
lift for either wing is not affected by sweepforward or
sweepback to any appreciable extent,
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CONCLUSIONS

The span-load distributions obtained in these tests
show the following effects on lateral instability as
governed by rolling moment due to roll:

1. Variation in profile of an airfoil from the
N. A. C. A.84 section at the root to the N.A.C. A~
M2 at the tip reduces maximum instability to
about one-sixth of that of an airfoil of con-
stant N. A. C. A. 84 profile.

2. About 11° equivalent washout reduces maxi-
mum instebility about 75 per cent.

3. Sweepforward raises the angle of neutral
stability, while sweepback reduces it. This effect
is of sufficient magnitude so that at 20° sweepback
instability begins before the wing reaches maxi-
mum Jift.

The various span-load distributions tested influence
the general effectiveness of the wings to the follow-
ing extent:

1. The variation in profile along the span re-
duces the useful angle-of-attack range about 37
per cent and maximum Cy about 12 per cent.

2. Twist has only a slight influence on the use-
ful angle-of-attack range and maximum Cy.

3. Transition from sweepforward to sweepback
progressively decreases the useful angle-of-attack
range. '

4. Sweepforward up to 20° has no effect on
maximum Oy and sweepback up to 20° reduces it
about 10 per cent.

LaNGLEY MEMORIAL AERONAUTICAL L:ABORATORY,
NaTIONAL ADVisoRY COMMITTEE FOR AERONATUTICS,
LancrLeY FieLp, Va., March 4, 1981
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SPAN-LOAD DISTRIBUTION AS A FACTOR IN STARILITY IN ROLL

a28 | ©38983ENGERsE 53y | 9esBEenRAANges 238 | §383%EuRESIREY
. 8 S et e S n_... el Sk ﬂ_ wld -l
2}
5 | B838¥REEIAINE m 4 wmmmwmmm:ﬁmm 3 p mmﬂmmmmmmmm%
m @ m -
$) O 3) e e
M 2| #2888398E8582 9 HE ol < EEEEEEEEERE 2 H Al #3 mmmmmmmmmmmn
mwmm m anaaRRagEIneg m.Amm 3 g RARAR m%mm 3 ST S aaana
>
EEFDHE I PINEG  EEE FI R H
mo 3 & Heledded " ] o t T r
4 <46 & 9 <858 H<doa
e B | gzaessagsEgen | T o o B = | ssRggsagsanass | 4 E | |4 | Ecosesanzewsee
2 & | " raadadataa & .A.w 2| ¢ i i O R o ﬁ | Strs A
m + | gReysEGERyLES m 1| segEgEgNEYEELS m 4| URYSRGNAZEENEY
2 3 prA e i B o 3 SRR E R 2 $ S A -
W.Eu..sauummuzm 8 M444ussoummmmnm 8 W444osssummmmzw
Ay | A qp | SR ap | e
[£2] 7 2} ¢ 2]
S| |y pusmeansen 2| |5 weesmsms Ak
] w I o
3) Ao =3
awE| |G| wememmmmm| SR (o) mesmmss) 5 JF ||| geategsmnam
5 498 ull B <IFRR T “ B8
B0 4 G| GEEESREMERER ) R oo Em|y|y mmﬁmﬁmmmmmmm 3o Ko |y|g| ERE3EISRCASR
gk _ 9483 ) = 4 o z
= L . &
B B n | -zgespsuzesgn | © 2 B & = | 2333785RT98588 o m 2 % | gacEgNagEREag
& .m S A Wv M ,m 9 A A o & .m A A A
& < | nsgEsNBIGaIs B < | sgzEnEsEesnsEs = < | BRBRRSISEINNE
= M ﬂ MRS P e e > .m n_u Heled et - m m (-] R BRI =
m.m.oaenmmmmmwm ¥ mn_.m:_.uaseummmmzm 8 mq.ﬂossouumnmnm




580 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE XIV TABLE XVII
N. A. C. A. 86 N. A. C. A 86
5° WASHIN ) 15° WASHOUT
NORMAI-FORCE COEFFICIENTS NORMAIL-FORCE COEFFICIENTS
. -
v ' . - .
[o; S _ Cr [o/ %4
@  tofal a total
Bec. A | Sec.B | Sec.C | See.D | See.® | W& | Hec. A | Bee.B | Bec.O | See.D | Bee. E | ¥IDE
Degrees ' . Degrees f "
=9 | —0.831 | —0.357 |—0.318 | —0.28¢ | —0.156 | —0.304 ~§ | —0.280 | —0.55 | ~0.628 | —0.655 | —0.831 | —0.438
—a —08 | —on | =078 | —oes | —o026 | —.033 0 —001 | —402 | —.533 | —.403 | —.546 | —.260
-3 .26 1188 178 7 . S210 2 105 | —.180 | —824 | —208 | —.a12 . 002
0 538 L4687 -38g L0l 14 s 403 s | —or1 | —138 | —1m 268
3 78 <695 .583 48 1380 Te8t 9 2780 1485 .168 03z | - 52
8 1000 -902 w7 | le: .630 1905 i2 S967 1660 1318 .105 .o78 110
9 1168 | 1096 1928 1760 862 | 1070 : 15 1139 +850 587 1324 -208 575 !
12 1148 - 980 1960 82 | L1100 | Loss 18 L2egs | 1o 2740 i ‘39 | 1o |
15 -907 .80 -968 850 | Loe2 L9852 21 . 1385 | 200 -85 ~622 s | Lus
18 .842 836 | 1000 o7 07 -85 U 88 | 1me .97 -660 .570 804
21 .88 007 | Les | ron ses1 i i 1836 2927 945 il 675 L857
24 927 w2 | vem | Lo 1675 1970 80 ~900 -916 T952 .88 .830 912
ot Los3 | rowm | 118 | 1130 s | Lo .
30 | T | L27 | Tem | L2u 00 | 1185 -
— s i TABLE XVIII
TABLE XV N. A. C. A, 86
N.A. C. A 85 20° SWEEPFORWARD
§° WASHOUT T : "7 NORMAI-FORCE COEFFICIENTS
NORMAIL-FORCE COEFFICENTS o'
: ’ ¥ . Cx
ow C « ?itx:l;
N . D
« total Sea. A | Bec. B See.C | See.D | Se. E
Boc. A | 8ea.B | Bec.C | See.D | Sec. ® | WiDS
Degrees
—9 | -o4s2 | 0582 | -0502 | ~0.47 | —0.85% |~0.48¢
P NS E =T
—6 | —0.308 | —0.582 [ —0.570 | ~0.442 | —0.473 | —0.441 N —. - -8 | - .
-3 —10¢ | —o;2 | —mr | -2 | —28 | —101 g | - 234 162 L104 162 28t
0 1198 o1 | ST | —ur ! —oel o ;638 460 285 . 450 <530
3 48 o8 .43 .05 -008 354 8 -850 . 642 845 4 107 .38
8 748 s 1350 1214 1104 58 g L@ 844 “758 2 | Lige 920
9 .060 752 545 . 863 . 268 . 780 1.1p4 1.043 .7 1501 ngg
12 1.121 o4 740 =3 1480 T8 L1 | T | 1130 o | Lewo | 11
15 L290 | L1150 L008 1668 &5 | 1128 o5 | nuMe | Lo | 1o | zsi0 | Lot
18 LiK 1083 . 866 . 810 843 1.076 T2 . 888 1101 1. 180 L U6 2. 405 L (82 e
21 - 808 931 | 1000 878 | Lom -885 24 985 | Lo | Lz | rL3os | Lig | L1z
2 *830 ‘883 | Tooo 920 | 142 T 508 27 Los8 | 11 | T2z ] reso | Lis | 110
27 1907 o5t | T o000 1960 T720 o 30 1096 | 1306 | L1281 | L265 | 1.083 | L1
30 985 | 1020 | Lods 992 -630 Jom3
TABLE XIX
TABLE XVI , N. A. C. A. 86
N. A. C. A. 86 : K 10° SWEEPFORWARD
10° WASHOUT NORMAL-FORCE COEFFICIENTS
NORMAIL-FORCE COEFFICIENTS
— Cx'
« Cx
on' o total
« o L i | Bec.A | See.B | Bee.C | See.D | Seem | ¥IE
“Sec.A | Bee.B | Bec.C | Sec.D | Sec.E | Wi S
. ’ Degrees
-9 | -0 —0.590 | —0.505 [ —c.382 | —0.62 | —0.4m
Degress s —u3 | —202 | —8n | -9 | —¢ | —am
-3 | —0285 |—0.500 | —0.508 | —0.4886 | —0.518 | —0.301 |, -3 138 | — o045 | —085 | —058 | —117 .062
0 .08 |, —234 | —34 | — 286 | —.305 | —. 113 0 o .268 .201 138 .120 L350
3 1298 083 | — 1 [ —18 | —n7 am H 2700 ~500 -4 1304 L587 L5676
0 BT .268 a1 ‘028 | —o13 138 ¢ 920 ~700 g7 +480 . 776
9 824 .545 831 | L17s . @ 9 Lio4 916 -804 L658 -91p e
12 1039 7 it 3 214 Bl 13 Le2s5 | 1110 1946 e | 0| L1
15 L1188 . 2700 .467 .402 : 15 Loo | 1oss ¢ 1030 . | 140 | Loeo
18 1360 | r1a8 885 | .648 1610 | L140 ﬁ 843 | L8 | Lizo | vrooo | L7 L 988
2 L6 | Tosr -984 707 (74 | Lo .62 ol ot ] n1ee | e .88
2% +805 ~920 ~960 817 1830 .848 w 00 | 1o | 1w | Lix 900 | L1038
i +850 .80¢ 1980 . 1.000 -850 ﬁ 985 [ Lovo | nae | 1110 856 | 108
30 922 | oz 958 | o808 +760 825 M | voe2 | Lo | rie | 11z 850 | Loes




SPAN-LOAD DISTRIBUTION AS A FACTOR IN BTABILITY IN ROLL . 581

TABLE XX
N.A.C. A 86
10° SWEEPBACK
NORMAIL-FORCE COEFFICIENTS

TABLE XXI
N.A.C.A. 8
20° SWEEPBACK
NORMAL-FORCE COEFFICIENTS

! ox Cr
o ' total
| Sec.A | Bee. B [ Sec.C | Bee. D | Bec. E wing

i

Degrees | i
=0 o |00, ~08S |05 |—0mL | 04z
S | E cE) R e W
. . it 8 . :

g | -es ~500 S04 2m 0% | o6l
6 : .815 mz ] Um0 Jame Lo 8T
¢ - rom | .91 K sz | gl lam
12, Low | Lie2 | .eip 65 | 2 ! Loso
B S I
21 ' lgss s | LR rag | i -806
4 ., 8% 817 | lsse | -7ee 22 8%
7 lus | eo0 | ‘o0 | s, | led | -loas
20 Tooo | e | sso | i 2486 L995

c
g Cx
a fotal
Sec.A | Bee.B | Sec.C | Bee.D | Sec.® : WIDE
Degrees
20 | —0.507 | —0.488 | —0.474 | —0.337 | —0.065 | —0.455
— 201 | —a3ll | —. ~3t0 | —0d5 | —228
-2 o | — — 104 | —035 | —oi8 807
0 N “314 T143 (104 | a2 L952
3 1603 ~450 1370 2353 | 065 .48
s 1505 ~655 E45 = | sl TeTd
.9 o .88 745 53 S110 1858
12 r160 | Lo 4 .50 1 1990
15 LB | .9 658 e | lzm ' 1oz
18 1.039 140 -3 552 T2 .885
7 e | i L616 ~865 .25 ‘810
24 “®5 T2 6 ~610 9 ]
o7 1028 M3 | Cmg | o 2308 TolL
30 ro2 | e g L34 ~980

Foiel 'F

¥

i

]
1

T
\Ii S



